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Letter to Editors

Could the decrease in the endothelial nitric oxide (NO) production and NO bioavailability be the
crucial cause of COVID-19 related deaths?

Dear Editor,

There is a pandemic that suddenly appeared on the agenda of
humanity for the past few months. When COVID-19 related deaths are
analyzed, higher mortality rates in older people and men are quite
evident in all case series [1–3] (Table1). Hypertension is obviously the
leading comorbidity in all studies followed by diabetes, obesity and
other cardiovascular disorders. Angiotensin-converting enzyme
2(ACE2), which is the receptor for SARS-CoV-2 [4], is a regulator of
vascular function by modulating nitric oxide (NO) release and oxidative
stress [5]. We realized that the common prominent feature in older vs
younger, hypertensive vs healthy, men vs women comparison is de-
creased endothelial NO production and decreased NO bioavailability
which also links cardiovascular and metabolic diseases as their common
deficiency.

Physiological NO signaling is a key determinant of endothelial
function, metabolic and vascular health. It is major regulator of vas-
cular tone and has antioxidant, antiinflammatory and antithrombotic
activities [6]. Endothelial dysfunction leads to a shift of endothelial cell
actions by various chemokines, cytokines and other factors and finally
induces proinflammatory, proliferative and prothrombotic status [7,8].

Previous studies have shown that age is the most significant pre-

dictor of the endothelium dependent vasodilatation and NO availability
progressively declines with aging [9–12] (Fig. 1). The vascular changes
associated with essential hypertension, such as endothelial dysfunction,
are generally considered to be an accelerated form of changes seen in
aging [12].

Estrogen increases expression and activity of endothelial nitric
oxide synthase (eNOS) and NO production is higher in the systemic
vasculature of females [13]. Females are known also to produce higher
innate and adaptive immunity responses than males which can result in
faster clearance of viruses [14].

COVID-19 mortality has correlation with the decrease in endothelial
NO production and bioavailability in different age groups and/or co-
morbidities. Whether this is a direct antiviral effect or associated with
immune modulation needs to be further investigated. This suggests that
increasing endothelial NO availability should be directly effective in
antiviral resistance against COVID-19.

Diet rich in polyphenols, caloric restriction and regular exercise are
non-pharmacological strategies to increase endothelial NO production
and bioavailability [6,15]. In situations like aging, cardiovascular and
metabolic disorders where endothelial NO production is compromised,
there are considerable published data suggesting that nitroso com-
pounds can act as storage pools and donors of NO and can compensate

Table 1
Case fatality rate in Covid-19 in China according to CDC Weekly / Vol.2 / No.8 data.
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for insufficient eNOS activity. Systemic levels of nitroso compounds can
be greatly influenced by vegetables rich in nitrates [15–20].

ACE2 expression was shown in vascular endothelium and arterial
smooth muscle of all organs and on alveolar epithelial cells and en-
terocytes of small intestine [21]. From this aspect it is noteworthy,
there are also studies reporting that there is a marked increase in ex-
haled NO after dietary nitrate consumption [22,23] and NO produced
from nitrite in the upper intestine is up to 10,000 times the con-
centrations that occur in tissues from enzymatic synthesis [12]. Another
interesting point is that despite being an important risk factor in a large
spectrum of diseases, cigarette smoke contains huge amounts of ni-
trogen oxides and smoking habits can increase the blood pool of nitroso
compounds [24].

Âkerström et al demonstrated that the inhibitory effect of NO on
SARS-CoV is happening inside the cells, where viral material is out of
the capsid [25]. We speculate that if we divide the total NO amount in
this study to the cell count in the media, the results will be comparable
to physiological NO production levels in the vascular endothelium.
From this aspect, in the endothelium, especially in early stages of viral
invasions, when viral material is in low amounts and out of the capsid,
any amount of NO produced inside the cell should have effect on sus-
ceptible viruses and a healthy eNOS function may be very valuable as a
first line defense.

Conclusions

Due to the urgent nature of the COVID-19 pandemic, simultaneous
learning and practice is inevitable. The relation between decreasing NO
production and bioavailability with COVID-19 mortality has potential
to open alternative preventive and therapeutic ways.
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Fig. 1. Hypothetical representation of endothelial nitric oxide (NO) production based on sex (adapted from previous published studies [9–12,26]).
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